INTRODUCTION
Aldehyde dehydrogenase (ALDH) is an important enzyme in the metabolism of alcohol that can catalyze some aldehydes and ketones dehydrogenation reaction in the presence of the coenzyme [1] . In the beginning, the ethanol absorbed into the body is dehydrogenated into acetaldehyde under the action of alcohol dehydrogenase (ADH), and then the ALDH catalyzes the oxidation of acetaldehyde to acetic acid participating in the tricarboxylic acid cycle [2] . ALDH2 has been found to show a genetic polymorphism in the ALDH family and there is about half of the people in Asia is lack of ALDH2 activity [3] . Acetaldehyde cannot be decomposed into water and CO2 and remains in the body because of the lack of ALDH enzyme activity. Acetaldehyde, a highly toxic substance that can interfere with the synthesis and repair of DNA, has poisonous, mutagenic and carcinogenic effect on the human body tissues and organs [4] [5] . Linderborg [6] studies confirmed the human digestive tract accumulate acetaldehyde is a potential carcinogen. It was reported that the acetaldehyde level of the ALDH2 variant genotype in the blood was six times higher than that of the normal ALDH genotype after drinking [7] . Huang [8] et al. showed the occurrence of ALDH2 and alcohol-related liver disease. ALDH enzyme activity significant impact on human health status by affects the metabolism of acetaldehyde.
Activity should be detected in the purification process of ALDH, and therefore the method of aldehyde dehydrogenase enzyme activity detection is important. The existing detection methods is ultraviolet spectrophotometry and the detection principle is that NADH has UV absorption peak at 340nm department [9] . NADH is a strong fluorescent substance and the intensity of the fluorescent signal is proportional to the amount of NADH [10] . ALDH gets non-fluorescent NAD + conversion to NADH with fluorescent. As enzyme catalyzes the product formation, fluorescence
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Keywords: aldehyde dehydrogenase; enzyme activity; nicotinamide adenine dinucleotide; fluorescence spectrophotometer *Corresponding author: gonggangming@sit.edu.cn intensity will increase due to increasing concentration of product. The content of NADH formed in the enzyme catalytic reaction detected by fluorescence was used to calculate the enzyme activity. In this thesis, we use fluorescence spectrophotometry method to detection aldehyde dehydrogenase enzyme activity.
EXPERIMENTAL

Materials
Saccharomyces cerevisiae (AS2.399) was obtained from the bioengineering laboratory of Shanghai Institute of Technology.
Instruments and reagents
F-4500 fluorescence spectrophotometer (Hitachi High-Technologies Corporation), UV spectrophotometer (UNICO (Shanghai) Instrument Co., Ltd.), Ultrasonic cell disruption (Ningbo Xinyi ultrasonic equipment Co., Ltd.), GL-21M high-speed refrigerated centrifuge (Shanghai Lu Xiangyi Centrifuge Instrument Co., Ltd.), pH meter (Mettler Toledo instruments (Shanghai) Co., Ltd.).
NAD + and NADH standards product were purchased from Shanghai Biological Engineering Company; serum (Thermo Fisher biochemical products (Beijing) Co., Ltd.); acetaldehyde (Shanghai Bao Man Biological Technology Co., Ltd.); acetic acid, methanol, three hydroxy methyl amino methane (Tris), 2-mercaptoethanol and other reagents were of A.R. Grade purchased from Sinopharm Chemical Reagent Co., Ltd..
Sample preparation
Isolation of ALDH from yeast is a more complicated process because ALDH is an intracellular product. In this paper we use the procedure proposed by Francis [11] to extract ALDH. Saccharomyces cerevisiae cultured for 19 h at 30°C on a rotary at 200 rpm. The precipitate of the cell culture medium was collected by centrifugation with a rotating speed of 5000r/min for 15min under 4°C. The precipitate was added to phosphate buffer (0.1mol/L, Ph8.0) and centrifuged again to clean impurities of the culture. The cleaned precipitate was added by three times volume of phosphate buffer to sonicate cells under ice-cooling condition. The optimal ultrasonic treatment conditions were ultrasonic power of 250W, ultrasonic treatment time of 28min and ultrasonic treatment 6s interval of 8s. After crushing the supernatant was collected by speed of 12000r/min centrifugation 20min as a crude enzyme solution of aldehyde dehydrogenase. All operations were under ice-cooling condition and centrifuges were at 4 degrees to avoid enzyme inactivation.
In the preliminary experiment, the purified protein was subjected to SDS-PAGE with resolving (12%) and stacking (5%) gels. And the corresponding molecular weight of the purified protein was in conformity with the molecular weight of the aldehyde dehydrogenase [12] [13] .
Determination of enzyme activity
NADH standard solutions: Weigh accurately the standard amount added to Tris-HCl buffer configuration into a series of standard solution concentrations.
Reaction system: 0.05mol/L, pH 8.0 Tris-HCl buffer solution 2.6 mL, 3mol/LKCl solution 0.1mL, 0.05mol/L acetaldehyde solution 0.1mL, 0.02mol/L NAD+ solution 0.1mL, 1mol/L mercaptoethanol solution 0.03mL, mixed and incubated for 10min at 40°C.
Preparation of enzyme: Saccharomyces cerevisiae at 28°C, 200r/min culture 19h. After culture the cell was collected at 4°C, 5000r/min centrifugal 15min, the precipitate was adding an appropriate amount of phosphate buffer (0.1mol/L, pH8.0) to wash and centrifuged again. The precipitate was added to the resulting cells 3 times the cell volume of phosphate buffered solution, and then sonicated cells under ice-cooling condition. Ultrasonic power was 250W, ultrasonic 8s interval 6s and the total time was 28min. After disrupted the suspension was centrifugation under 4°C, speed 12000 r/min for 20min, the supernatant was collected as a crude enzyme solution of aldehyde dehydrogenase.
Determination of enzyme activity: The reaction was initiated by adding 100ul of ALDH enzyme solution incubated under the same conditions. The enzyme activity was measured within 6min and records the corresponding value of each 1min. Repeated 3 times. For the corresponding blank assay, the ALDH enzyme solution was replaced by Tris-HCl buffer solution (0.05mol/L).
Enzyme activity unit U: One unit (U) of ALDH activity is defined as the amount of enzyme that catalyzes the formation of 1mg/L of NADH per min in a reaction system mentioned previously [14] .
3 ENZYME ACTIVITY ASSAY
Enzymatic properties study
The effects of pH and temperature on ALDH enzyme activity were investigated by performing the reaction in the presence of different pH of Tris-HCl buffer and the different temperature.
Optimum pH of enzymatic reaction
Preparation Tris solution at a concentration of 0.05 mol/L and pH were adjusted with HCl. The relationship between pH of Tris-HCl buffer and ALDH enzyme activity was studied in the range of 6.5-9.0, as shown in Figure 1 . From Figure 1 it appears that the highest enzyme activity was obtained when the pH ranged of Tris-HCl between 8.0-8.5. The enzyme activity decreased at lower or higher pH. The Tris-HCl buffer solution of pH 8.0 is the best choice.
Optimum temperature of enzymatic reaction
The relationship between temperature and ALDH enzyme activity was studied in the range at 20, 25, 30, 35, 40, 45, 50, 55, 66, 65 and 70°C by warming the working solutions to desired temperature. The results were shown in Figure 2 . The ALDH enzyme activities at the temperature intervals of 20-35°C and 45-65°C were lower than the enzyme activity obtained at 40°C.When the temperature reached 70°C the enzyme is almost inactivated. The optimum temperature was obtained at 40°C.
Effect of different metal ions on the activity of aldehyde dehydrogenase
Due to the different charge and morphology of the metal ions, the active center of the enzyme can be changed to affect the activity of the enzyme. In different literatures, ALDH was activated by different metal ions. The same metal ions can inhibit some ALDH, but it can activate the other ALDH, so it is very important to select the correct metal ion for the ALDH of different sources. The effects of different metal ions (ion concentration was the same of 0.01mol/L) on the activity of aldehyde dehydrogenase were investigated. The results were shown in Figure 3 . Figure 3 shows that the reaction system without adding metal ions as blank controls its enzyme activity detection was zero, and indicates that the metal ion is required for enzyme activity. The activation of K+ on enzyme activity was the most obvious, which showed that it was the most suitable metal ion for the detection of aldehyde dehydrogenase. Zn 3.1.4 Effect of 2-mercaptoethanol (2-Me) on the aldehyde dehydrogenase enzyme activity Mercaptoethanol role is to protect the semi-sarcosine thiol which is not oxidized. The reaction system was added 2-Me and without 2-Me measured ALDH activity was 10.2 U and 0.17 U, respectively. From the experimental results shows that the system in extracellular yeast ALDH mercapto susceptible to damage and inactivation, 2-Me for ALDH play in the extracellular activity detection system is a must.
Determination of optimal detection time of
enzyme activity Enzyme catalyzed reaction rate is very fast, and it is restricted by the content of substrate and reaction system. In order to find out the best reaction time, the change of NADH with time in 15min was detected. The amount of NADH generated by the reaction (mg/L) with the change of reaction time is shown in Figure 3 .
As can be seen from the Figure 3 , with the time increasing the amount of NADH generated has been increased, but the growth rate is gradually decreased. The enzyme activity detected time was chosen within 6min because NADH increased the fastest and maintain a linear relationship in the former 6min. 
Sample purify
Isolation and purification of enzyme protein is an important step in the utilization of enzyme. The activity and the recovery rate of the enzyme were detected at every time in the separation and purification process. Zhou [15] and other studies separated and purified ALDH with ammonium sulfate fractionation, crude enzyme solution with ammonium sulfate of 40% saturation precipitation, and then remove the supernatant with 90% of saturation ammonium sulfate precipitation to achieve the purified protein. Recovery rate is large but the purification factor was only 1.14. Because of the large amount of ammonium sulfate precipitation method, it is not easy to dissolve and easily lead to the loss of enzyme activity. This experiment used polyethylene glycol (PEG) precipitation method to purify the enzyme protein [16, 17] . The preliminary experimental results show that the optimal molecular weight is PEG 4000. In this paper, the molecular weight of PEG is all 4000. First 6% concentration of the PEG was used to remove some precipitation of the impurities, and then the precipitation of the 10% concentration was collect as the purified enzyme protein.
The results are shown in Table 1 . PEG precipitation method increases the purification factor and recovery rate. The purification factor is 2.32 and ALDH recovery reach at 91.3% as the purification factor of ammonium sulfate is only 1.45 and ALDH recovery is 77.2%. Select PEG precipitation method to purify crude enzyme solution, which is more convenient and environmentally friendly than the traditional ammonium sulfate precipitation method.
FLUORESCENCE DETECTION NADH
Fluorescence detection conditions and parameters
In the absence of reports of fluorescence detection, NADH should be scanned to determine the excitation and emission wavelengths. Weigh the NADH standard to join the Tris-HCl buffer solution to make up different concentration of NADH standard solution. Scanning the NADH solution with 320-380nm as the excitation wavelength and the emission wavelength was adopted in the range of 320-800nm. With one or several emission wavelengths obtained rescan eligible excitation wavelengths, excitation wavelength based on this actual measured emission wavelengths [18] . So repeat it until the excitation wavelength and emission wavelength no longer changes. Finalize the excitation wavelength of fluorescence detection is 345nm and the emission wavelength is 460nm, as shown in Figure  6 . Scanning condition parameter setting: scanning speed: 1200nm/min; delay: 0s; EX slit: 5.0nm; EM slit: 5.0nm; photomultiplier tube voltage: 700V; Response: 0.5s. 
Standard Curve of Fluorescence method by Spectrophotometer
Precision (RSD) and the recovery rate of fluorescence method
The same 6 samples for known NADH content were added to the same concentration of NADH standard solution. NADH content was measured after mixing and then calculation of RSD and recovery rate. Determination of three different concentrations of samples and the results are shown in Table 2 . From Table 2 , we know that the RSD were between 0.60%-0.98% and the recovery at a range of 95.62%-99.21%, indicating that fluorescence assay detecting NADH content is a accurate and reliable method.
RESULTS AND DISCUSSION
The configuration of the reaction system was added with the enzyme solution after incubation. Three samples of enzyme were labeled as samples 1, 2, 3, respectively. Mean values of the results were measured in parallel with three times. The content of NADH was measured by UV spectrophotometer and fluorescence spectrophotometer, UV detection wavelength was 340nm. One unit (U) of ALDH activity is defined as the amount of enzyme that catalyzes the formation of 1mg/L of NADH per min. The relevant parameters and results were summarized as shown in Table 3 . As can be seen from Table 3 , the test results of the two methods are comparable, indicating that the results are accurate. UV method detection limit of 2mg/L and the detection limit of fluorescence detection method are 0.2mg/L, and the sensitivity of the fluorescence method is improved by an order of magnitude compared with that of the UV method. The enzyme activity (U) of three sets of samples detected by UV method were 10.62±0.14, 9.88±0.09 and 9.51±0.12, and the results of fluorescence method were respectively 10.11±0.04, 9.41±0.02 and 10.16 ±0.06, the error of fluorescence method is smaller.
Ultraviolet spectrophotometry is the most common detection method and the operation is simple and rapid, but this method is less sensitive. The fluorescent spectrophotometer method is relatively simple and has a high sensitivity, while seldom researchers study on the detection of ALDH by fluorescence spectrophotometer. Depend upon the actual operation of the requirements and conditions for the selection of appropriate detection method.
CONCLUSIONS
Due to the detoxification effect on acetaldehyde of Aldehyde dehydrogenase, it has become more and more interesting in the study of health care products and drugs. The purification of ALDH by PEG was studied. The purification factor of PEG precipitation method is 2.32 and ALDH recovery reach at 91.3% as the purification factor of ammonium sulfate method is only 1.45 and ALDH recovery is 77.2%.
In this study, the method for ALDH activity measurement of biological samples by fluorescence spectrophotometer was developed. The parameters which affect the method were optimized. The Tris-HCl buff-er solution of pH 8.0 is the best choice and the optimum reaction temperature was obtained at 40°C. Fluorescence spectrophotometer uses the fluorescent properties of the generated NADH catalyzed by ALDH. Detect the content of NADH to calculate the enzyme activity. The results showed that the excitation wavelength of fluorescence detection is 345nm and the emission wavelength is 460nm. The linear equation of NADH content within 0.75-60 mg/L was y=22.338x+59.694 and the linear correlation coefficient R 2 =0.995. The RSD of fluorescence spectrophotometer was between 0.60%-0.98% and the recovery at a range of 95.62%-99.21%. The detection limit by fluorescence detection of NADH was 0.2mg/L, and compared with the UV method had improve an order of magnitude. That proved fluorescence spectrophotometer is a new method of high sensitivity and good reproducibility for ALDH enzyme activity tests. It should be noted that the method and the constant offered in this study are only valid if the user follows exactly the same procedure. Therefore, any changes in the assay may produce false date.
